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(54) Image processing apparatus 

(57) An image processing apparatus inputs an 
image signal obtained by scanning a document in which 
a character region, a photographic region and a dot 
region are mixed and stores image data in a local block 
composed of a target picture element and plural picture 
elements surrounding the target picture element. The 
image processing apparatus computes first and second 
feature parameters Po and Pi representing the features 
of each region based on the image data in the local block, 
and inputs the resulting first and second feature param- 
eters Po and P 1 to an identification circuit adopting a neu- 
ral network. The identification circuit outputs the region 

FIG.1 



identification information O 0 and d of the target picture 
element, and the filter processing circuit performs a spa- 
tial filtering process according to the region identification 
information Oo and d. As described, in the image 
processing apparatus, since a multi-dimensional identi- 
fication process is performed using the neural circuit 
which receives inputs of plural feature parameters, an 
image identification with very high precision is permitted, 
and an optimum spatial-filtering process can be applied 
according to the feature of each picture element, thereby 
achieving a high quality image. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an image processing apparatus provided in a digital copying machine, a facsimile 
machine, etc., which attains an improved quality of a recording image by applying an optimum process to an .mage 
signal obtained by scanning a document according to features of each picture element. 

BACKGROUND OF THE INVENTION 

Conventionally in digital copying machines, facsimile machines, etc., an image signal obtained by reading a docu- 
ment composed of a character region, a photographic region or a dot region, or a document composed of a mixture of 
these reqions by means of a CCD image sensor is processed to attain an improved quality of a recorded image. In the 
described process of the image, first, the type of the read image is identified, i.e.. whether the read image is a character 
image, a photographic image or a dot image. Then, based on the result of this identification, an optimum process is 

applied to each picture element. 

Known image identification methods to attain an improved image quality in the described manner include: A method 
wherein an image is divided into blocks, each being composed of plural picture elements, and an identification of an 
image is performed per each block by a pattern matching technique or using feature parameters indicative of features 
20 of the character image or the dot image. . 

However the image identification method using the pattern matching technique has the following problem. That is, 
since it is required to prepare many patterns, a huge memory is required. Thus, this method is not suitable for practical 
aoolications For this reason, the image identification method using the feature parameters is used in many cases. 
Japanese Laid-Open Patent Publication No 194968/1986 (Tokukaisho 61-194968) discloses a dot/photographic 
25 imaqe identification method as an example of such image identification method using the feature parameters. In the 
method of this disclosure, a change in signal level in two picture elements which are three-dimensionally in sequence 
is measured separately between the following two cases: the case where the two picture elements are in sequence in 
a main-scanning direction and the case where the two picture elements are in sequence in a sub-scanning direction. 
Then, a sum of the measured values in each block is compared with a predetermined threshold, and an image is rec- 
30 oanized based on the result of this comparison. 

Japanese Laid-Open Patent Publication No. 147860/1987 (Tpkukaisho 62-147860) discloses an intermediate tone 
facsimile signal processing method as another example of the image identification method using the feature parameters. 
In this method first a difference between a maximum signal level and a minimum signal level in the block is computed, 
and the computed difference is compared with a predetermined threshold. As a result of this companson. if the computed 
difference in signal level is smaller than the predetermined threshold, an identification signal for a smooth change in 
sional level indicating that the block is located in a photographic region is outputted. On the other hand, when the com- 
puted level difference is larger than the predetermined threshold, an identification signal for a sudden change in signal 
level indicating that the block is located in the character region or on the outline portion of the photographic image is 
outputted Furthermore, according to a predetermined access order in the block, a number of changes in signal level in 
two picture elements which are three dimansienaiiy in sequence is compared with a predetermined number. As a result 
otthis comparison if the number of changes is greater than th» predetermined number, an identification signal indicating 
that the block is located in the dot region is outputted. On the other hand, if the number of changes is smaller than the 
predetermined number, an identification signal indicating that the block is not in the dot region is outputted. Based on 
the identification signal, the signal process is applied to each picture element in the block. Jrt 

For the image process to attain an improved image, conventionally, a spatial-filtering process is adopted. One exam- 
ole of the technique of attaining an improved image quality adopting thef iltering process is disclosed in Japanese Exam- 
ined Patent Publication No. 5-21 384 (Tokukohei 5-21 384). In the image processing apparatus of this disclosure, a spatial 
filter for smoothing the image signal and a spatial filter for enhancing the image signal are prepared beforehand^and 
based on an output from edge detection means for detecting an edge portion of the imagesignal. a signal obtained by 
acolvinq a smoothing process to the image signal or a signal obtained by applying an enhancement process to the 
Image signal or a signal obtained by applying a combined process of the smoothing process and the enhancement 
process is outputted. Another method is adopted in a f iltering apparatus disclosed in Japanese Laid-Open Patent Appli- 
cation No 246076/1988 (Tokukaisho 63-246076). In this method, a spatial fitter for removing a dot region is prepared 
beforehand and when the edge portion is not extracted by edge extraction means for extracting the edge portion of the 
image signal, a signal having gone through the filtering process is outputted. On the other hand, when the edge portion 
is extracted a signal is outputted before having gone through the filtering process. 

However in the described image identification method, an error may occur in identifying the image, and to attain a 
hiah auality image a still more precise identification is required. The possible cause of this identification error of the 
image would be a mismatch of a feature parameter. That is. the error is caused as the feature parameter fails to fully 
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ronresent the features of each region. The other possible cause of the described identification error is an inappropriate 
Section of the classification method itself for identifying the image based on the feature parameter, or the threshold 
value for the classification. 

Moreover in the conventional filtering process by the spatial filter prepared beforehand, an identification process is 
comoletelv performed for each block based on the resulting feature parameters, and based on the result of idemrf.cat.on. 
S ' process is applied to a target picture element in block using a predetermined spatial filter. In this method, the 
fmaae is areatly affected when an identification error occurs, and the feature parameter of a target picture elemen 
reflects only a specific filter feature, thereby presenting the problem that a fine processing such as applying an optimal 
filtering process to each picture element cannot be achieved. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an image processing apparatus which attains a high quality image 
bv applying thereto an appropriate spatial-filtering process according to features of each picture element 

in order to achieve the above object, the image processing apparatus in accordance with the present invention is 
characterized by including: 

m a block memory for storing image data in a local block composed of a target picture element and plural picture 
elements surrounding the target picture element, the target picture element being one picture element data of an 

ITrStuSarameter computing means for computing plural feature parameters based on the image data in the 
local block stored in the block memory; ' " 

(3) identification processing means for outputting region identification information ind.cat.ng a reg.on where the 
target picture element in the local block is located based on inputs respectively representing feature parameters 
computed by the feature parameter computing means; and 

(4) filtering means for selecting a filter among various spatial-f irtering-use filters based on an output from the iden- 
tification processing rneans arc! a^^ 

wherein the identification processing means divides a plane or a multi-dimensional space having axes of the 
nlural feature parameters into the character region, the photographic region and the dot region by non-linear boundaries 
and ouLuts respective region identification information according to each input of the plural feature parameters^ 

According to the above arrangement, the image signal inputted to the image processing apparatus is stored in a 
block memory which is divided into local blocks, each local block being composed of a target picture element and plural 
picture elements surrounding the target picture element. Then, the feature parameter computing means computes each 
X plural feature parameters respectively representing the features of the character reg.on. the photographs reg.on 
and the dot region based on the image data read from the local block. .. 

As a conventional method. Japanese Laid-Open Patent Publication No. 147860/1987 (Tokukaisho 62-147860) dis- 
closes an intermediate-tone facsimile signal processing method wherein two feature parameters are respectively < com- 
P S fn this method, however, each feature parameter is classified separately by comparing it with a threshold that is 
ni-rrietermmsd for each feature parameter. . ,i v • -•.• «'/•« • 

in contrast in the desaibed methcxl of the preserrtitwention. a multidimensional spa^^ 
feature parameters is divided into the character region, the photographic region, and the dot region by the non-linear 
boundaries and a multi-dimensional identification process is enabled by the identification processing means which 
ouSrts the corresponding reg.on identification information in response to each input of the plural feafcire parameters. 
Namelv in the method of the present invention, the identification process is performed not by setting a threshold for 
each feature parameter but based on non-linear boundaries based on which divides the multj-dirnensional space. 

In addition the identification processing means may be composed of the neural network which learned beforehand 
so as to receive each input of the plural feature parameters and output the region identification process or the look up 
table which describes an input/output correlation of the neural network. 

Accwding to the described method, even if an identification cannot be performed with a desired accuracy when 
considering only one feature parameter, by taking plural feature parameters into consideration, the iderrtrf.cat.on of the 
reaion where the target picture element is located can be performed with an improved accuracy Furthermore, by adopting 
S neural network which receives each input of the plural feature parameters or the look up table which descnbes the 
input-output correlation of the neural network, the image identification process can be preformed wrth a still improved 

aCC As C described. since the spatial-filtering process is performed with respect to the target picture element based on 
the result of image identrfication performed with high accuracy by the identification processing means, an optimal process 
according to the features of each picture elementcan be attained, thereby achieving a high quality image. 
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The image processing apparatus in accordance with the present invention may be arranged such that the region 
identification information outputted from the identification processing means represents the respective likelihoods that 
the target picture element is located in the character region, the photographic region, and in the dot region, and that the 
filtering means determines a filter factor for each picture element to be processed based on the data converted in the 
form of numeral representing each of the above likelihoods, to perform the spatial-filtering process. 

Namely by adopting the identification processing means composed of the neural network or the look up table 
describing the input-output correlation of the neural network, the respective likelihoods that the target picture element 
is located in the character region, the photographic region and the dot region can be outputted in the form of numeral. 
Further, by setting each filter factor by the filtering means based on the output converted in the form of numeral, a fine 
spatial-filtering process for each picture element is enabled. 

Especially the described feature that each likelihood that the. target picture element is located in each region in the 
form of numeral offers the following effect. That is, the arrangement enables to attain the information indicating that it is 
difficult to identify that the target picture element is located in which one of the character region, the photographic region 
and the dot region. Furthermore, by applying the filtering process such as a combined process of the enhancement 
process and the smoothing process for the picture element that cannot be identified, the deterioration of the image 
quality due to the identification error can be prevented, thereby ensuring a high quality image. 

The image processing apparatus in accordance with the present invention may be arranged so as to further include 
memory means for storing contents of spatial-filtering processes applied to the plural picture elements surrounding the 
target picture element, wherein the filtering means determines a content of the spatial -filtering process to be applied to 
the target picture element based on not only the region identification information outputted from the identification process- 
ing means but also the contents of the spatial-filtering processes applied to the picture elements surrounding the target 

picture element. . * . , x . . 

Since each of the character region, the photographic region and the dot region has a certain area, by taking the 
contents of the spatial-filtering processes applied to the picture elements surrounding the target picture element into 
consideration as in the described arrangement, even if an error occurs in identifying the region where the target picture 
element is located, an adverse effect from the identification error can be suppressed to some extent, and a change in 
texture on the boundaries which divide the image into regions can be reduced. 

For a fuller understanding of the nature and advantages of the invention, reference should be made to the ensuing 
detailed description taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 which shows one embodiment of the present invention is a block diagram illustrating a schematic configuration 
of an image processing apparatus. 

Fig. 2 is an explanatory view illustrating one example of a filter factor of an enhancement filter adopted in a filtering 

Rg*3 is ^explanatory view illustrating one example of a filter factor of a smoothing filter adopted in the filtering 

circuit of Fig. 1 . . 

Fig 4 is a flowchart showing an image processing process of the image processing apparatus. 

Rg 5 is an sxplanatory view illustrating an example of distribution of a feature par^eter of a pscwra ^rr^n\^m f 

an example~oi a boundary which divides a two-dimensional space having axes of two feature parameters into * 

character region, a photograph region and a dot region. 

Fig 6 is a view schematically illustrating a structure of an identification circuit of Fig. 1 . 

Fig! 7(a) and Fig. 7(b) are views schematically illustrating a structure of a neural network adopted as the identification 
circuit of Fig. 6, wherein: 

Fig. 7(a) illustrates a structure of a neural network and 

Fig 7(b) illustrates a structure of each neural element of the neural network. 

Fig'. 8 which shows another embodiment of the present invention is a block diagram illustrating a schematic config- 
uration of an image processing apparatus. 

Fig. 9 which shows still another embodiment of the present invention is a block diagram illustrating a schematic 
configuration of the image forming apparatus. 

Fig 10 is a view schematically illustrating a structure of an identification circuit shown in Fig. 9. 
Fig! 1 1(a) and Fig. 1 1(b) are views schematically illustrating a structure of a neural network adopted in the identifi- 
cation circuit of Fig. 10, wherein: 

Rg. 1 1(a) illustrates a structure of the neural network; and 

Fig 1 1(b) illustrates a structure of each neural element of the neural network. 

Fig! 12 is an explanatory view showing one example of a filter factor of a filter provided with a combined function of 
an enhancement function and a smoothing function for use in the filtering circuit of Fig. 9. 
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Fig. 13 which shows still another embodiment of the present invention is a block diagram illustrating a schematic 
configuration of the image processing apparatus. 

Fig. 14 which shows still another embodiment of the present invention is a block diagram illustrating a schematic 
configuration of the image processing apparatus. 

Fia 1 5 is a flowchart showing an image processing process of the image processing apparatus of Fig. 1 4. 

Fig! 16 which shows still another embodiment of the present invention is a block diagram illustrating a schematic 

conf iguration of the image processing apparatus. 

Fig 1 7 is a view schematically illustrating a structure of one example of the identification circuit of Fig. 16.. 
Fig 1 8 is a view schematically illustrating a structure of a neural network as the identification circuit of Fig. 1 7. 
Fig 19 is a view schematically illustrating a structure of a neural network as the identification circuit of Fig. 16. 
Fia 20 is a view schematically illustrating a structure of a neural network as the identification circuit of Fig. 19. 
Fig' 21 which shows still another embodiment of the present invention is a block diagram illustrating a schematic 
configuration of the image processing apparatus. 

Fig 22 is a view illustrating a schematic structure of one example of the identif ication circuit in the case where the 

identification process of the target picture element is expanded to an n-dimensional space (n b 2). 

Fig 23 is a view illustrating a schematic structure of another example of the identification circuit in the case where 

the identification process of the target picture element is expanded to an n-dimensional space (n s 2). 

Fig 24 is a view illustrating a schematic structure of the neural network as the identification circuit of Fig. 22. 

Fig. 25 is a view illustrating a schematic structure of the neural network of the identification circuit of Fig. 23. 

DESCRIPTION OF THE EMBODIMENTS 

The following description will discuss one embodiment of the present invention in reference to Fig. 1 through Fig. 

6 ' ^As shownin Van image processing apparatus in accordance with the present embodiment includes an input 
terminal 1 a block memory 2. a maximum value detecting circuit 3. a minimum value detecting circuit 4, a subtracter 5. 
a main-scanning direction difference sum computing circuit 6, a sub-scanning direction difference sum computing circuit 
7 and a comparator 8 The maximum value detecting circuit 3. the minimum value detecting circuit 4. the subtracter 5, 
the main-scanning direction difference sum computing circuit 6. the sub-scanning direction difference sum computing 
circuit and the comparator 8 serve as feature parameter computing means. The image processing apparatus also 
includes an identification circuit 9 (identification processing means), afiltering circuit 10 (filtering means), and an output 

term The block memory 2 includes a memory area for storing an image signal of plural lines inputted from the input 
terminal 1 in 256 tones (8 bits) for each picture element. The block memory 2 stores therein an image signal in a local 
block composed of a target picture element and plural picture elements surrounding the target picture element. 

The maximum value detecting circuit 3 is provided for detecting a maximum signal level of the image signal in the 
local block that is stored in the block memory 2. The minimum value detecting circuits is provided for detecting a 
minimum signal level of the image signal in the local block. The subtracter 5 is provided for computing a difference 
between the maximum signal level and the minimum signal level as a first feature parameter P 0 . 

The main-scanning direction difference sum computing circuit 6 is provided for ^ccui^aiinr. each difference 
between every two picture elements which are in sequence in a r=;ain-scanning dirscisen m tnc, iocs! block to objain a 
sum of the differences. The sub-scanning direction difference sum computing circuit 7 is provided tor accumulating each 
difference between every two picture elements which are in sequence in a sub-scanning direction in the local block to 
comoute a sum of the differences. The comparator 8 compares the sum of the differences in the main-scanning direction 
with the sum of the differences in the sub-scanning direction, and determines the one which gives a smaller value 
(minimum value) to be a second feature parameter Pi- 

The identification circuit 9 is provided for determining that the target picture element in the local block is located in 
which one of the character region, the photographic region and the dot region based on the firet feature parameter P 0 
and the second feature parameter P 1t and outputting an identification signal according to the region. 

The filtering circuit 1 0 selects an optimum filter based on the output from the identification circuit 9 and also applies 
the spatial-filtering process to an input signal. The filtering circuit 10 includes a smoothing filter for smoothing the target 
oicture element by taking a weighted mean between the target picture element and the picture elements surrounding 
the taraet picture element to compensate for a change in signal level between the target picture element and the picture 
elements surrounding the target picture element and an enhancement filter for enhancing a change in signal level 
between the target picture element and tiie picture elements surrounding the target picture element by adding a difference 
in sianal level from the surrounding picture elements to the target picture element. 

The filtering circuit 1 0 of the present embodiment is arranged so as to select the enhancement f liter or the smoothing 
filter respectively having each predetermined filter factor and applies the enhancement or smoothing process to the 
target picture element. Fig. 2 illustrates an example of the filter factor of the enhancement filter to be adopted in the 
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filtering circuit 10, Fig. 3 illustrates an example of the filter factor of the smoothing filter. Other than those shown in Fig. 
2 and Fig. 3, the enhancement filter or the smoothing filter with a freely set mask size or a filter factor may be used. 

Fig 4 is a flowchart showing the spatial-filtering process to attain an improved quality of the recording image in the 
described arrangement. When an image signal obtained by scanning a document by an image reading section including 
a CCD image sensor is inputted to the image processing device (S1), an image signal in the local block including the 
target picture element at the center is stored in the block memory 2 of Fig. 1 . Then, thef irst and second feature parameters 
P 0 and P 1 in the local block are computed by the maximum value detecting circuit 3, the minimum value detecting circuit 
4 the subtracter 5 the main-scanning direction difference sum computing circuit 6, the sub-scanning direction difference 
sum computing circuit 7 and the comparator 8 (S2). Thereafter, the identification circuit 9 determines that the target 
picture element is located in which one of the character region, the photographic region or the dot region based on each 
feature parameter (S3). If the target picture element is located in the character region, the enhancement process is 
applied using the enhancement filter (S4). If the target picture element is located in the dot region, after the smoothing 
process is applied in the filtering circuit 10 using the smoothing filter (S5), an image signal is outputted from the output 
terminal 1 1 (S6). On the other hand, if the target picture element is located in the photographic region, the input image 
signal is outputted directly from the output terminal 11 without applying thereto the spatial-filtering process (S6). The 
image processing apparatus sequentially applies the described process to all the picture elements. 

Fig 5 illustrates an example distribution of the feature parameters of the picture elements in each of the character 
region photographic region and the dot region and an example of boundaries which divide a two-dimensional plane into 
regions This two-dimensional plane has an axis of the first feature parameter P 0 (difference between the maximum 
signal level and the minimum signal level in the local block composed of the target picture element and plural picture 
elements surrounding the target picture element) and an axis of the second feature parameter P 1 (the smaller one of 
the sum of the differences in signal level in the main-scanning direction between every two picture elements which are 
in sequence in the block and the sum of the differences in signal level in the sub-scanning direction between every two 
picture elements which are in sequence in the local block). This process of classifying the two-dimensional plane is 
25 performed by the identification circuit 9. ., ' . t ^ 

The structure of the identification circuit 9 is illustrated in Fig. 6. Here, explanations will be given through the case 
where the local block size of 5 picture elements x 5 picture elements is adopted. In the identification circuit 9, the input 
of the first feature parameter P 0 , a 6-bit signal more precisely 6 bits (loo - Iob in the figure) from the top out of 8 bits are 
used The input of the second feature parameter Pi is a 7 bit signal, more specifically 7 bits (I10 - lie m the figure) from 
the top out of 1 0 bits are used. The outputs O 0 and O, are 2-bit identification signals for identifying that the target picture 
element is located in which one of the character region, the photographic region and the dot region. For example, when 
the result of identification by the identification circuit 9 determines that the target picture element is located in the character 
region an identification value "0" for selecting an enhancement process (in the figure O 0 = 0 and O-, = 0) is outputted 
from the identification circuit 9. When the result of identification by the identification circuits determines that the target 
35 picture element is located in the photographic region, an identification value "1 " for applying no spatial-f irtering process 
(in the figure O 0 = 1 , and Oi = 0) is outputted from the identification circuit 9. Similarly, when the result of identification 
by the identification circuit 9 determines that the target picture element is located in the dot region, an identification value 
H 2* for selecting a smoothing process (in the figure O 0 = 0, and Oi = 1) is outputted. 

The numerals used in the input of the identification circuit 9 is not limited to the above. However, it should be noted 
,W S Sw • hei-p that although the preciseness in identification is Improved as the nuirfcer of bits in the input incases, 5tV3 spe*s 
• of processing is lowered and a cost is -increased on ^.oonlm^.-TlwcMe,-an optimal number of bits in the input is to 
be selected by taking all of the above-mentioned factors into consideration. 

For the identification circuit 9, a two-dimensional look up table describing input/output characteristics by the neural 
network or the neural network itself may be used. The described neural network may be a four-layer perceptron shown 
45 in Fig 7(a) In the input layer, a normalized first feature parameter P 0 and a normalized second feature parameter P n 
are respectively inputted to l 0 and h. In the output layer, an identification value O for selecting the spatial-filtering process 
is outputted. 

Here it is arranged such that each neural element of the input layer is connected to all the input neural elements 
of the intermediate layer, and each output neural element of the intermediate layer is connected to all the input neural 
so elements of the output layer. w 

As shown in Fig. 7(b), each neurons element is an element of plural inputs and single output. Each neural element 
performs a summing and multiplying operation of the formula (1). Further, each neural element outputs a value yj using 
the result X of this operation as an input of a sigmoid function of the formula (2) wherein an input value of each neural 
element is denoted as Xj and each weighted factor is denoted as wy. 
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In the case of adopting the neural network which learned well beforehand, when the first feature parameter P 0 
and the second feature parameter P, obtained in the character region are inputted to the output layer, the identification 
value O approximates to "0" is outputted therefrom. On the other hand, when the first feature parameter P 0 and the 
second feature parameter P, obtained from the photographic region are inputted to the input layer, the identification 
value O which approximates to "1 " is outputted therefrom. Similarly, when the f irst feature parameter P 0 and the second 
feature parameter Pi obtained from the dot region are inputted to the output layer, the identification value O which 
approximates to "2" is outputted therefrom. 

In the neural network which determines the input/output characteristics of the two<Jimensional look up table, each 
neural element of the input/output layer is 8-bit signal. On the other hand, in the case of adopting the neural network 
itself as the identif ication circuit, the number of bits of each neural element of the input/output layer corresponds to the 
number of bits of each input/output of the identification circuit of Fig. 6. 

The type of the neural network is not limited to that shown in Fig. 7(a). Namely, the number of intermediate layers 
of the neural network and the number of neural elements in the intermediate layer are selected at random, and a neural 
network of other type may be adopted. _ 

Example of a filtering process by a filtering circuit 10 based on the identification signal outputted from the identiti- 
cation circuit 9 will be explained. The filtering circuit 10 applies an enhancement process to the target picture element 
using the enhancement filter illustrated in Fig. 2 upon receiving an identification signal (identification value "0") indicating 
that the target picture element is located in the character region in order to make characters and7or lines brighter. On 
the other hand, the filtering circuit 10 applies a smoothing process to the target picture element using a smoothing filter 
illustrated in Fig 3 upon receiving an identification signal (identification value n 2") indicating that the target picture element 
located in the dot region in order to reduce the dot frequency element to prevent moire. Similarly, the filtering circuit 10 
outputs an input signal without applying a filtering process upon receiving an identification signal (identification value 
"1") indicating that the target picture element is located in the photographic region from the identification circuit 9. 

Similarly, in the case of considering the contents of filtering processes applied to the picture elements surrounding 
the target picture element, the following technique may be adopts 

That is the filtering circuit 1 0 stores the contents of the filtering processes applied to the picture elements (enhance- 
ment process, smoothing process or neither process is applied), and a filter is selected in consideration of not only the 
identification signal from the identification circuits but also the content of the filtering process lastly applied to the picture 
element More concretely, when the enhancement process is applied to the picture element directly before processing 
the target picture element, the filtering circuit 10 either applies the enhancement process to the input signal or outputs 
the input signal without applying the filtering process even if an identification signal indicating that the target picture 
element is located in the character region is not received from the identification circuit 9. tf the identification signal 
indicates that the target picture element is located in the photographic region, the enhancement process is applied to 
the input signal. On the other hand, if the identification signal indicates that the target picture element is located in the 
dot region a filtering process is not applied. Similarly, when the smoothing process is applied to the picture element 
directly before processing the target picture element, the filtering circuit 1 0 either applies the smoothing process to the 
input signal or outputs the input signal without applying thereto the filtering process even if the identification signal 
indicating that the target picture element is located in the dot region is not received .H the identification signal indicates 
< that the target picture element is located in the photographic regiori, the smoothing process is applied to the input fegnal, * 
while if the identification signal indicates that the target picture element is located in the character region, the filtering 

process is not performed. i 

Alternatively, the filtering circuit 10 may be arranged such that with respect to previously processed n picture ele- 
ments (n picture elements inversely counted from the target picture element to be currently processed), the respective 
number of picture elements having applied thereto the enhancement process and the number of picture elements having 
applied thereto the smoothing process are counted. In this arrangement, a filter is selected in consideration of not only 
the identification signal from the identification circuit 9 but also the count value (the content of the filtering process 
previously applied to the n picture elements). More concretely, the filtering circuit 1 0 compares C e and C s with a prede- 
termined threshold wherein C e indicates the counted number of picture elements having applied thereto the enhance- 
ment process and C s indicates the counted number of picture elements having applied thereto the smoothing process. 
As a result of this comparison, if C d is greater than the threshold value, even if the identification signal indicating that 
the target picture element is located in the character region is not received from the identification circuit 9, the filtering 
circuit 1 0 applies the enhancement process to the input signal, or directly outputs the input signal without applying thereto 
the filtering process. On the other hand, if C s is greater than the threshold value, even rf the identification signal indicating 
that the target picture element is located in the dot region is not inputted from the identification circuit 9, the smoothing 
process is applied to the input signal, or the input signal is outputted without applying thereto the filtering process. 

As described, according to the image processing apparatus in accordance with the present embodiment, the iden- 
tification process is applied to the image signal obtained by scanning the document, to determine that each picture 
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element is located in which one of the character region, the photographic region and the dot region. Then, based on the 
result of the identification process, a spatial-filtering process is applied to each picture element. 
The image processing apparatus in accordance with the present embodiment includes: 

5 (1) a block memory 2 for storing image data in a local block composed of a target picture element and plural picture 

elements surrounding the target picture element, the target picture element being one picture element data of an 
image signal; _ 

(2) feature parameter computing means (maximum value detecting circuit 3, minimum value detecting circuit 4, 
subtracter 5, main-scanning direction difference sum computing circuit 6, sub-scanning direction difference sum 

70 computing circuit 7 and a comparator 8) for computing two feature parameters (first and second feature parameters 
P 0 and Pi) respectively representing features of the character region, the photographic region and the dot region 
based on the image data in the local block stored in the block memory; 

(3) an identification circuit 9 (identification processing means) being composed of a neural network which learned 
beforehand and sets each of the character region, the photographic region and the dot region using boundaries 

75 including non-linear boundaries on the two-dimensional space having axes of the feature parameters Po and P t 
and identifying corresponding regions of each input of the two feature parameters, said identification circuit 9 out- 
putting an identification signal indicating the region where the target picture element in the local block is located 
based on inputs representing respective feature parameters computed by the feature parameter computing means; 
and 

20 (4) a filtering circuit 1 0 (filtering means) for selecting a filter among filters of various types respectively having pre- 

determined filter factors (enhancement filter and smoothing filter) based on an output from the identification circuit 
9 and performing a spatial-filtering process. 

This feature is referred to as the first feature. 

The described arrangement offers a high-precision image identification. Namely, even if a sufficient identification 
precision cannot be ensured when considering only one feature parameter, by considering the two (plural) feature param- 
eters, the identification process can be performed more accurately. Furthermore, in the case of performing the identifi- 
cation process based on the combination of plural feature parameters, it is important to obtain optimal boundaries for 
classifying into respective feature parameters to perform an identification with an improved accuracy. Here, by adopting 
the neural network, the optimal boundary including non-linear characteristics can be selected easily and precisely. In 
addition, as a multi -dimensional identification process is applied using the neural network, the image identification can 
be performed with very high precision. 

Therefore, since an optimal spatial-filtering process according to the features of each picture element is enabled, a 
high quality image can be achieved. For example, when applying the image processing apparatus of the present invention 
to the image forming apparatus, such as a digital copying machine, etc., or a facsimile machine, etc., an improved quality 
of the recorded image can be achieved. 

. Moreover, the spatial -filtering process is applied by selecting a predetermined filter according to an identification 
signal indicating that the target picture element is located in which one of the character region, the photographic region 
and the dot region, thereby enabling a high-speed process. 

The'image processing apparatus in accordance with tfie present embodiment having the arrangatieuj pf thef;r*t 
feature may be arranged sucir that the identification. circuit 9" in identification-processing means (3) for outputting cn . 
identification signal for identifying that the target picture element in the local block is located in which one of the character 
region, the photographic region and the dot region, is not the neural network itself but identification processing means. 
The described arrangement Is referred to as the second feature. The identification processing means outputs an iden- 
45 tification signal indicating that the target picture element in the local block is located in which of the character region, 
the photographic region and the dot region using the two-dimensional look up table based on the input/output charac- 
teristics of the neural network. 

As described, by reflecting the input/output characteristics of the neural network which learned beforehand to the 
look up table, the identification process can be performed with high precision at real time, thereby enabling a high-speed 

so image process. • 

The image processing apparatus in accordance with the present embodiment having the arrangement of the first 
or the second feature may be arranged such that the feature parameter computing means computes the difference 
between the maximum signal level and the minimum signal level in the local block composed of plural picture elements 
including the target picture element and picture elements surrounding the target picture element as the first feature 

55 parameter P 0 by the maximum value detecting circuit 3. the minimum value detecting circuit 4 and the subtracter 5. The 
feature parameter computing means also compares the sum of the differences in signal level between every two picture 
elements which are in sequence in the main-scanning direction in the local block with the sum of the differences in signal 
level between every two picture elements which are in sequence in the sub-scann'.r ;n the local block, and as a res\M 
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of this comparison, the smaller one of the two sums is determined to be the second feature parameter P v The feature 
of the described arrangement is referred to as the third feature. 

Namely, by selecting the first and second parameters P 0 and P ! which appropriately represent the features of each 
region, the high-precision identification process can be expected. 

[EMBODIMENT 2] 

The following description will discuss another embodiment of the present invention in reference to Fig. 8. For con- 
venience, members having the same configurations and functions will be designated by the same reference numerals 
and thus the descriptions thereof shall be omitted here. 

As shown in Fig. 1 . in the first embodiment, the sum of the differences in signal level between every two picture 
elements which are in sequence in the main scanning direction in a local block is compared with the sum of the differences 
in signal level between every two picture elements which are in sequence in the sub-scanning direction in the local block, 
and as a result of this comparison, the smaller one of the two sums is determined to be the second feature parameter 
P While the second feature parameter Pi is computed by the main-scanning direction difference sum computing circuit 
6 the sub-scanning direction difference sum adcfing circuit 7 and a comparator 8. The resulting first and second param- 
eters P 0 and Pi are outputted to the identification circuit 9. In contrast, in the arrangement of the present embodiment, 
a weighted mean accumulating circuit 20 is formed between the comparator 8 and the identification circuit 9. In this 
weighted mean accumulating circuit 20. the weighted mean of the second feature parameter Pi obtained by the com- 
parator 8 and the second feature parameter P, in the lastly processed local block is obtained, and the resulting weighted 
mean is outputted to the identification circuit 9 as the feature parameter of the second feature parameter P v Other than 
the above, the image processing apparatus of the present invention has the same arrangement as that of the first embod- 

"^The following shows one example of the weighted mean computed by the weighted mean accumulating circuit 20. 
The second feature parameter Pi is obtained by formula (3). 

Pi =(2P 1a + P lb )/3 (3) 

wherein P 1a is the second feature parameter Pi in the local block including the target picture element to which 
the filtering process is applied, and P 1b is the second parameter Pi in the previous local block. 

In the formula (3), the weighted ratio of P 1a and P 1b is 2 : 1 . However, the weighted ratio is not limited to the above 
ratio as long as the weight of Pi a is greater than the weight of Pi b . 

As described the image processing apparatus in accordance with the present embodiment having the arrangement 
of the third feature of the first embodiment further includes the weighted mean accumulating circuit 20 for computing a 
weighted mean between the second feature parameter Pi and the second feature parameter in the previous local block 
and outputting the resulting weighted mean to the identification circuit 9 as the second feature parameter. The feature 
of this arrangement is referred to as the fourth feature. 

The described arrangement offers an improved image identification precision. Namely, since each of the character 
region the photographic region and the dot region has a certain area, by considering not only the information of the 
local block to be currently procsssed but also the information of the surrounding local blocks, an image fde^^^tjon can 
be performed with fcn improved pi decision. - 

The image processing apparatus in accordance with the first or the second embodiment having the arrangement 
of the first or the fourth feature may includes memory means (not shown) for storing the contents of the spatial-filtering 
process applied to the picture elements surrounding the target picture element, and that based on not only the identifi- 
cation signal from the identification circuit 9 but also the information stored in the memory means, a predetermined 
filtering process is applied to the target picture element. The described arrangement is referred to as the fifth feature. 

Since each of the character region, the photographic region and the dot region has a certain area, even if an error 
occurs in identifying the region where the target picture element is located when based on only the identification signal 
from the identification circuit 9, by considering also the contents of the filtering processes applied to the picture elements 
surrounding the target picture element, an adverse effect from this identification error can be suppressed to a certain 
degree and a change in texture on the boundaries which divide a multi-dimensional space into regions can be sup- 
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[EMBODIMENT 3] 

The following descriptions will discuss one embodiment of the present invention in reference to Fig. 9 and Fig. 10, 
Figs 11(a) and (b) and Figs. 12 and 13. For convenience in explanations, members having the same function as the 
aforementioned embodiment will be designated by the same reference numerals, and thus the description thereof shall 
be omitted here. 
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An image processing apparatus of the present embodiment adopts an identification circuit 9' (identification process- 
ing means) illustrated in Fig. 9 and a filtering circuit 1 0' (filtering means) in replace of the identification circuit 9 and the 
filtering circuit 10 of the image processing apparatus of the first embodiment illustrated in Fig. 1 . Other than the above, 
the image processing apparatus of the present embodiment has the same arrangement as that of the first embodiment. 

As shown in Fig. 1 , the identification circuit 9 of the first embodiment outputs a 2-bit identification signal identifying 
that the target picture element is located in which one of the character region, the photographic region and the dot region. 
In contrast, the identification circuit 9' of the present embodiment outputs respective likelihoods that the target picture 
element is located in the character region, the photographic region and the dot region in a signal of 8-bit. 

The structure of the identification circuit 9' of the present embodiment is illustrated in Fig. 1 0. Here, the example will 
be given through the case of adopting the local block size of 5 picture elements x 5 picture elements. The input of the 
first feature parameter P 0 of the identification circuit 9* from the subtracter 5 shown in Fig. 9 is a signal of 6-bit, more 
precisely. 6 bits (loo - 'os in the figure) from the top out of 8 bits are used. The input of the second feature parameter P, 
from the comparator 8 shown in Fig. 9 is a signal of 7-bit, more precisely, 7 bits from the top out of 10 bits (l 0 o - he in 

the figure) are used. % . .. 

The output value from the identification circuit 9* is 8-bit in total including an output of 3-bit (O c0 - O c2 ) representing 
the likelihood that the target picture element is located in the character region, an output of 2-bit (Opo and Opi in the 
figure) representing the likelihood that the target picture element is located in the photographic region, and an output of 
3-bit (O s0 - O s2 in the figure) representing the likelihood that the target picture element is located in the dot region 

The respective numbers of bits in the input/output signal of the identification circuit 9' can be selected at random, 
and they are not limited to the above. However, it should be noted here that, the higher the precision is. the greater the 
number of bits in the input/output signal. However, the processing speed is lowered and the cost increases on the 
contrary. Thus, the optimal number of bits is to be selected in consideration of the above conditions. 

For the identification circuit 9', the two-dimensional look up table having predetermined input/output characteristics 
by the neural network or the neural network itself may be used. The described neural network may be a four layer 
perceptron. To the input layer, lo and h respectively obtained by regulating the first feature parameter P 0 and the second 
feature parameterPi areinputted. From the output layer, numerals respectively representing the likelihood that the target 
picture element is located in the character region, the photographic region and the dot region are outputted respectively 
as O c . O p and O s . 

It is arranged such that each neural element of the input layer is connected to all the input neural elements of the 
intermediate layer, and each output neural element of the intermediate layer is connected to all the input neural elements 
of the output layer. 

As shown in Fig. 11(b). each neural element is an element of multi-input and single-output. Each neural element 
performs a summing/multiplying operation of the formula (1 ) and outputs a value yj using the result Xj of the summing/mul- 
tiplying operation as an input of the sigmoid function of the formula (2), wherein X; is an input value of each neural 
element, and Wji is a weighted factor. 

In the well-learned neural network, when P 0 and Pi of the character region are inputted, from the output layer, O c , 
O and O s approximate to 1 , 0 and 0 respectively are outputted, while when P 0 and Pi of the photographic region are 
inputted, the O c , O p and O s approximate to 0, 1 and 0 respectively are outputted. When the P 0 and P, are inputted, the 
O , O and O s respectively approximate to 0, 0 and 1 are outputted from the output layer. 

° In the neuia; network tor determining the input/output characteristics of the two-dimensional look up table, an Q-tft 
neural etemem of the input-output layer is adopted, In the case of using the nsural network itself as the identification 
circuit, the number of bits of each neural element of the input-output layer corresponds to the number of bits in an 
input/output signal of the identification circuit shown in Fig. 10. 

The type of the neural network is not limited to that shown in Fig. 11 (a). Namely, the number of intermediate layers 
and the number of neural elements in each intermediate layer of the neural network can be selected as desired, and 
the neural network of other type may be adopted. 

An example of the filtering process of the filtering circuit 10' based on the output from the identification circuit 9* will 

be explained. 

The filtering circuit 10' determines that the target picture element is located in the character region when the output 
O c representing the likelihood that the target picture element is located in the character region is greater than the pre- 
determined threshold, and the output O p and the output O s respectively representing the likelihood that the target picture 
element is located in the photographic region and the dot region are smaller than the predetermined threshold. In such 
case, to make the character or the line brighter, the enhancement process is applied to the target picture element using 
the enhancement filter illustrated in Fig. 2. 

The filtering circuit 10' determines that the target picture element is located in the dot region when the output O s 
representing the likelihood that the target picture element is located in the dot region is greater than the predetermined 
threshold, and the output O c and the output O p respectively representing the likelihood that the target picture element 
is located in the character region and the photographic region are smaller than the predetermined threshold. In such 
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case to reduce the dot frequency component to prevent moire, the enhancement process is applied to the target picture 
element using the enhancement filter illustrated in Fig. 3. 

The f iltering circuit 10' either outputs an input image signal without applying thereto a f iltering process or performs 
a f ilterinq process using a filter provided with a combination of an enhancement function and a smoothing function shown 
in Fid 12 in the case where there is no significant difference among outputs O c . O p and O s from the identification circuit 
9' representing the respective likelihoods, and none of these outputs O c . O p and O s is greater than the predetermined 
threshold thereby avoiding an adverse effect on the image by the identification error. 

In the case of applying a filtering process considering the contents of filtering processes applied to the picture 
elements surrounding the target picture element,' the following technique may be adopted. 

The filtering circuit 107 stores the contents of the filtering process (enhancement process, smoothing process or 
neither process is applied) applied to the picture elements, and based on the contents of the previously applied filtering 
process the output representing each likelihood from the identification circuit 9' is corrected to select a filter. More 
concretely in the case where the enhancement process is applied to the picture element directly before processing the 
target picture element. O c is newly obtained by adding a predetermined value to the numeral O c representing the 
likelihood that the target picture element is located in the character region from the identification circuit 9. On the other 
hand in the case where the smoothing process is applied to the picture element directly before processing the target 
picture element O s is newly obtained by adding a predetermined value to O s representing the likelihood that the 
target picture element is located in the character region. Then, based on conected O c and O s in the described manner, 
a filter is selected to execute the filtering process. 

Alternatively the filtering circuit 10" counts respective number of picture elements having applied thereto the 
enhancement process and the number of picture elements having applied thereto the smoothing process with respect 
to n picture elements (n picture elements inversely counted from the picture element to be currently processed) and 
selects a filter based on these count values (i.e.. considering the contents of the filtering processes applied to n picture 
elements inversely counted from the target picture element). Assumed here that the count value of the picture elements 
havina applied thereto the enhancement process is designated by C^. and the count value of picture elements having 
aoolied thereto the smoothing process is designated by C s . The filtering circuit 10' compares C e and C s with the prede- 
termined threshold Then, if C e is greater than the threshold, the filtering circuit 10' either applies ttie enhancement 
process to the input signal, or outputs the input signal without applying thereto the filtering process even when O c rep- 
resenting the likelihood that the target picture element is located in the character region is smallerthan the predetermined 
threshold In this case, if O s representing the likelihood that the target picture element is located in the dot region is 
lamer than the predetermined threshold, the filtering process will not be applied. On the other hand, if O p representing 
the likelihood that the target picture element is located in the photographic region is greater than the threshold, or there 
is no significant difference among outputs O c . O p and O s from the identification circuit 9\ the enhancement process is 
aoolied to the input signal. If C s is greater than the predetermined threshold, even if the value O s representing the 
likelihood that the target picture element is located in the dot region, the filtering circuit 10' either applies a smoothing 
orocess to the input signal, or outputs the input signal without applying thereto the filtering process. In this case, if the 
value O representing the likelihood that the target picture element is located in the character region is greater than the 
threshold the filtering process will not be applied. On the other hand, if O p representing the likelihood that the target 
picture element is located in the photographic region, or there is no significant difference in outputs O c , O p and O s from 
the identification circuit 9. .the filtering circuit 10' applies the smoothing process to the .input signar. , ; ■ 

Alternatively, it may be arranged such that as shown in Fig. 13. a weighted mean ace. insisting ?rcuS 20 « formed 
between the comparator circuit 8 and the identification circuit 9. and the weighted mean accumulating circuit 20 computes 
a weighted mean of the feature parameter of the second feature parameter computed by the comparator and the 
feature parameter Pi in the previous local block and outputs the resulting weighted mean to the feature parameter of 
the second feature parameter Pi to the identification circuit 9' as new second feature parameter P-,. 

As described the image processing apparatus in accordance with the present embodiment is arranged so as to 
perform the identification process for determining each picture element is located in which one of the character region, 
the photographic region and the dot region with respect to the image signal obtained by scanning the document, and 
performs the spatial-filtering process with respect to each picture element according to the result of this identification 
so process. 

The image processing device is arranged so as to include: 

(5) a block memory 2 for storing the image data of a local block composed of a target picture element and plural 
picture elements surrounding the target picture element, the target picture element being one image data of an 

55 (6Heafereparameter computing means (maximum value detecting circuit 3. a minimum value detecting circuit 4. a 
subtracter 5 a main-scanning direction difference sum computing circuit 6 and a sub-scanning direction difference 
sum computing circuit 7 and a comparator 8) for computing each of two feature parameters (first and second feature 
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parameters P 0 and representing respective features of the character region, the photographic region and the 
dot region of the image data in the local block stored in the block memory; 

(7) identification circuit 9' (identification processing means) being composed of a neural network which learned 
beforehand to select each of the feature region, the photographic region and the dot region using the non-linear 
boundary of the twcxiimensional plane having the axes of the feature parameters P 0 and Pi which learned before- 
hand so as to enable it to represent the likelihood that the target picture element is located in each region in the 
form of numeral based on the input of each of the two feature parameters P 0 and P 1f for outputting the respective 
likelihoods that the target picture element is located in the character region, the photographic region and the dot 
region based on each input of the two feature parameters computed by the feature parameter computing means; and 

(8) a filtering circuit 10' (filtering means) for selecting each filter (enhancement filter, smoothing filter) respectively 
having predetermined filter factors, based on an output from the identification circuit 9' and performing the spatial- 
filtering process. 

As described, since multi-dimensional identification process is performed using the neural network, as in the case 
of the first feature of the first embodiment, the identification of the image can be performed with very high precision, 
thereby achieving the high quality image by applying the optimum spatial -tittering process. Furthermore, since the like- 
lihood of each region is represented by a numeral, the information indicating that it is difficult to determine that the target 
picture element is located in which one of the character region, the photographic region and the dot region can be 
obtained, and by applying an appropriate process such as a combined process of the enhancement process and the 
smoothing process to such picture element, the deterioration of the image quality by the identification error can be 
prevented, thereby achieving a still improved image quality. 

[EMBODIMENT 4] 

The following descriptions will discuss still another embodiment of the present invention in reference to Figs. 1 4 and 
1 5. For convenience in explanations, members having the same functions as the aforementioned embodiments will be 
designated by the same reference numerals, and thus the description thereof shall be omitted here. 

In each of the aforementioned embodiments, explanations have been given through the case where the enhance- 
ment or smoothing process is applied to the target picture element respectively using the enhancement filter or the 
smoothing filter having a predetermined filter factor. In contrast, the explanations will be given through the case where 
the filtering process is applied to the target picture element by setting an optimum filter factor for each picture element. 

The image processing apparatus of the present embodiment adopts a filtering circuit 1 0" (filtering means) illustrated 
in Fig. 1 4 in replace of the filtering circuit 10' illustrated in Fig. 9 of the image processing apparatus in accordance with 
the third embodiment. Other than the above, the image processing apparatus of the present embodiment has the same 
arrangement as the third embodiment. 

The spatial-filtering process of the image processing apparatus in accordance with the present embodiment is shown 
in the flowchart of Fig. 1 5. When an image signal obtained by scanning the document is inputted to the image processing 
apparatus (S11), an image signal in the local block including the target picture element at the center is stored in the 
block memory 2 of Fig. 14. Then, the respective first and second feature parameters P 0 and Pi in the local block are 
computed by the maximum value detecting circuit 3, the minimum value ilotettirsO circuity the subtracter 5, the main- , 
scanning direction difference sum computing circurt 6, the sub-scanning dirsction difference sum comf:^jtjngrcirc*jit 7 
and the comparator 8 (S12). Next, the identification circuit 9 performs the identification process of representing the 
respective likelihoods that the target picture element is located in the character region, the photographic region and the 
dot region in the form of numeral (S1 3). Based on the result of this identification process with respect to the target picture 
element, the filtering circuit 10" performs a spatial-filtering process by selecting and adjusting the filter factor (S14). 
Then, the filtering circurt 1 0" outputs an image signal from the output terminal 1 1 (S15). The image processing apparatus 
performs sequentially the described process with respect to ail the picture elements. 

The filtering circurt 10" computes a filter factor and performs the spatial-filtering process in the following manner 
based on the outputs from the identification circuit 9' respectively representing the likelihood that the target picture 
element is located in the character region, the photographic region and the dot region. 

Assumed here that the numerals representing the likelihood that the target picture element is located in the character 
region and the likelihood that the target picture element is located in the dot region outputted from the identification 
circuit 9' are respectively designated by O c and O s , and these outputs are regulated to "O" or "1 

Then, the weighted factor W e of the enhancement filter and the weighted factor W s of the smoothing filter are given 
through the following formulae (4) and (5). 

W e = 9l (O c ) 
W s = g 2 (O s ) 
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For example, W e and W s are given by the following formula (6) in this example. 



gi (x) = g 2 (x) 



f-10x +. 11 .(x 2 
^ 0 { x < 0 . 2 ) 



0.2) 



(6) 
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By the spatial filter f , having the input of W e and W s , the spatial-filtering process is performed with respect to the 
input image signal I as shown by the following formula (7). and the processed value O is outputted. 

0 = f 1 (W e , W s , I) (7) 
The filter represented by the following formula (8) is shown as one example of the spatial filter f v 
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in the formula (8), "[ ] •• I" represents a convolution calculation between an operator TJ" and an imege signal U 
In the case of applying the filtering process considering the picture elements surrounding the target picture element, 
the following technique may be adopted. ' ■ . _ Dr . 

Assumed here that the weighted factor of the enhancement filter for the previously processed picture element and 
as the weighted factor of the smoothing filter for the previously processed picture element are W en and W sn . Then, by the 
spatial filter f 2 having the inputs of W e . W s . W en and W sn . the spatial-filtering process is performed with respect to the 
input image signal I as shown by the formula (9). and the processed value O is outputted. 
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0 = f 2 (W e .W s .W en .W 8n . I) 



(9) 



Here as one example of the spatial filter f 2 . a filter of the formula (8) wherein the weighted mean of and W en 
and the weighted mean of the W s and W sn are respectively designated by new W e and W s is shown. 

For the functions g, and g 2 for computing W e and W 8 . other functions than (6) may be adopted. For the spatial filters 
U and f 2 randomly selected mask size or a filter factor other than those shown in (8) may be used. 

As described, the image processing apparatus of the present embodiment having the sixth feature of the third 
embodiment is arranged such that the filtering circuit 10" for performing the spatial-filtering process by computing the 
filter factor based on the data representing the likelihood that the target picture element is located in each region outputted 
from the identification circuit 9' by the numeral is adopted in replace of the filtering circuit 10' of (8). This arrangement 
is referred to as a seventh feature. 
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By adjusting the filter factor by the data representing the likelihood that the target picture element is located in each 
region in the form of numeral, a delicate spatial-filtering process according to the feature of each picture element is 
enabled in addition to the effect achieved by the arrangement of the sixth feature. 

The image processing apparatus in accordance with the third or the fourth embodiment having the arrangement of 
the sixth or the seventh feature, for the identification circuit 9' of (7), not the neural network itself but the two-dimensional 
look up table based on the input-output characteristics of the neural network is employed in the identification processing 
means for outputting the respective likelihoods of the character region, the photographic region and the dot region where 
the target picture element in the local block is located in the form of numeral. This arrangement is referred to as the 
eighth feature. 

As described, by reflecting the input/output characteristics of the neural network learned beforehand, the identifi- 
cation process can be performed with high precision at real time, thereby enabling a prompt image process. 

The image processing apparatus in accordance with the third embodiment or the fourth embodiment having the 
arrangement of the sixth, seventh or eighth feature, a weighted mean accumulating circuit 20 for computing a weighted 
mean between the second feature parameter P^ (smaller one of a sum of the differences in signal level between every 
two picture elements which are in sequence in the main-scanning direction in a local block, and a sum of the differences 
in signal level between every two picture elements which are in sequence in the sub-scanning direction in the local block) 
and a weighted mean of the previous block and for outputting the resulting value as a new second feature parameter to 
the identification circuit 9* is provided. This arrangement is referred to as a ninth feature. As descrtoed, by considering 
not only the information in the currently processed local block, but also the information in the surrounding local blocks 
are considered, an image identification of an improved precision can be achieved. 

In the image processing apparatus in accordance with the third or fourth embodiment having the arrangement of 
the first, the seventh or the eighth feature, the filtering circuit 10* or 10" includes: memory means (not shown) for storing 
contents of the spatial-filtering process applied to the picture elements surrounding the target picture element, wherein 
based on both the data representing the likelihood of each region from the identification circuit 9' and the information 
stored in the memory means, a predetermined spatial-filtering process is selected and applied to the target picture 
element. This arrangement is referred to as a tenth feature. 

Since each of the character region, the photographic region and the dot region has a certain area, by considering 
the filtering processes applied to to the picture elements surrounding the target picture element, even if an error occurs 
in identifying the region where the target picture element is located by the identification circuit 9\ an adverse effect from 
the identification error can be suppressed to a certain degree, thereby suppressing a change in texture on the boundaries 
which divide the image into regions. 

[EMBODIMENT 5] 

The following descriptions will discuss still another embodiment of the present invention in reference to Figs. 16 
through 25. For convenience in explanations, members having the same functions as the aforementioned embodiments 
will be designated by the same reference numerals, and thus the descriptions thereof shall be omitted here. 

In the aforementioned embodiments, explanations have been given through the case of adopting the two-dimen- 
sional process using two feature parameters of the first feature parameter P 0 and the second feature parameter in 
the identification process e? the target picture element. In contract, a multidimensional identification process including 
an increased number o: feature parameters is adopted in the present embodimant to attain an Improved .precision of 
the image identification. 

Specifically in addition to the first feature parameter P 0 (difference between the maximum signal level and the 
minimum signal level in the local block composed of the target picture element and plural picture elements surrounding 
the target picture element) and the second feature parameter P, (a smaller one of a sum of the differences in signal 
level between every two picture elements which are in sequence in the main-scanning direction in a local block, and a 
sum of the differences in signal level between two adjacent picture elements which are in sequence in the sub-scanning 
direction in the local block), the following defined third feature parameter P 2 and fourth feature parameter P 3 are also 
considered. Namely, four feature parameters are used in total in the present embodiment 

The third feature parameter P 2 is determined in the following manner: The signal level in the local block composed 
of the target picture element and the plural picture elements surrounding the target picture element are converted to 
one of two numerals by an average signal level of the local block, and the respective change points in the main-scanning 
direction and the sub-scanning direction based on the resulting data expressed using two numerals are counted (0 -> 
1 1 -» 0). and a smaller count value is determined as the third feature parameter P 2 . 

The fourth feature parameter P 3 is determined in the following manner: The signal level in the local block composed 
of the target picture element and the plural picture elements surrounding the target picture element are converted to 
one of two numerals by the average signal level in the local block, and the respective lengths of the array of the picture 
elements having the same density, i.e., the run-lengths in the main-scanning direction and the sub-scanning direction 
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with respect to the resulting data expressed using two numerals are counted, and the maximum value of all the run- 
lengths is determined as the fourth feature parameter P 3 - 

As shown in Fig. 1 6. the image processing apparatus in accordance with the present embodiment includes: an input 
terminal 1 a block memory 2. a maximum value detecting circuit 3, a minimum value detecting circuit 4, a subtracter 5. 
a main-scanning direction difference sum computing circuit 6, a sub-scanning direction difference sum computing circuit 
7 a comparator 8 a main-scanning direction change point counter circuit 21, a sub-scanning direction change point 
counter circuit 22 a comparator 23. a main-scanning direction run-length counter circuit 24, a sub-scanning direction 
run lenoth counter circuit 25. a comparator 26. an identification circuit 27. a filtering circuit 28 and an output terminal 1 1 . 

The main-scanning direction change point counter circuit 21 , the sub-scanning direction change point counter circuit 
22 and the comparator 23 serve as feature parameter computing means for computing the third feature parameter P 2 . 
The main-scanning direction change point counter circuit 21 converts the signal levels of the local block in one of the 
two numerals by an average signal level, and counts the number of change points between the adjacent picture elements 
inthe main-scanningdirection with respect to the resulting binary data. The sub-scanning direction change point counter 
circuit 22 converts the signal level in the local block to bone of two numerals by the average signal level in the local block, 
and counts the number of change points in the adjacent picture elements in the sub-scanning direction. Then, the com- 
oarator 23 compares the number of change points in the main-scanning direction and the number of changes in the 
sub-scanning direction, and the smaller value (minimum value) between them is computed as a feature parameter (third 
feature parameter) of the third feature parameters P 2 . ■ . . , _ . 

The main-scanning direction run-length counter circuit 24. the sub-scanning direction run-length counter circuit 25 
and the comparator 26 serve as feature parameter computing means for computing the fourth feature parameter P 3 
The main-scanning direction run-length counter circuit 24 converts the signal levels of the target picture element and 
the oicture elements surrounding the target picture element in each local block to one of two numerals by the average 
sianal level in the local block, and respective lengths of the array of the picture elements having the samedensity (b.nary 
I wen ie the run-lengths are counted with respect to the resulting binary data, and determines the maximum value in 
the resulting run-lengths is computed. The sub-scanning direction run-length counter circuit 25 converts the signal level 
of each local block to one of two numerals by the average signal level in the local block, and counts the respective lengths 
of the arrav of the picture elements having the same density (binary level) . i.e.. the run-lengths with respect to the resulting 
data expressed using two numerals, thereby computing the maximum of all the run-lengths. The comparator 26 compares 
the marimum run-length in the main-scanning direction with the maximum run-length in the sub-scanning directions and 
30 the greater value (maximum value) is computed as the feature parameter of the fourth feature parameter P 3 ( fourth 

fSat The^entif teation circuit 27 outputs an identification signal of 2-bit for identifying that the target picture element in 
the local block is located in which one of the character region, the photographic region and the dot region, or a numeric 
signal of 8-bit representing the likelihood of each region based on the inputs of the first through fourth parameters P 0 , 

35 Pl ' Based on the outputs from the identification circuit 27, the filtering circuit 28 performs an optimal spatial-filtering 
orocess with respect to an input image signal, and in the case where the output from the identification circuit 27 is an 
identification signal of 2-bit which identifies each region, the filtering circuit 10 of the first embodiment is adopted, while 
in the case where the output from the identification circuit 27 is a signal of 8-bit representing the likelihood of each region, 
the filtering circuit 10' of the third embodiment, or the filtering circuit 10" of the fourth, embodiment is s6pptr*5. 

X example of the configuration of the identificationorcuit 27 is shown in Fig. 17. The ideRtifi^tion circus 27 sncwn 
in the figure is arranged such that when the first through fourth parameters P 0 , Pi. P 2 and P 3 are inputted thereto, it 
outputs the identification signals O 0 and O, of 2-bit identifying the region where the target picture element in ttie local 
block is located i.e. the character region, the photographic region or the dot region. Here, explanations will be given 
through the case where the local block with a size of 5 picture elements x 5 picture elements is adopted. In the identi- 
fication circuit 27 the input of the first feature parameter P 0 is a signal of 6-bit, more precisely 6 bits (loo through l 06 in 
the fiaure) from the top out of 8 bits are used. The input of the second feature parameter P, is a signal of 7-brt. more 
sDecJical^bitsUto through l 16 in thefigure)fromtt,e topout of 10bits are used. The input of thethWfeatu^ 
? 2 TSt signal (in the figure l» through 1^ are used. The input value of the fourth feature parameter P 3 .s 3 bits (in 

th8 i MivMSS^dmA27 w a multi-dimensional look up table having a predetermined input/output characteristics 
bv the neural networks or the neural network itself is used. In this embodiment as an example of the neural network, 
*c shown in Fig 18 a four-layer perceptron is used, and in the input layer, a normalized first feature parameter P 0 is 
fnputted to l 0 . a normalized second parameter P, is inputted to U. a normalized third feature parameter P 2 is inputted 
55 7 band a normalized fourth feature parameter P 3 is inputted to l 3 . On the other hand, an idenWication value O for 
selectina a spatial-filtering process is outputted to the output layer. . „ ,. 

Another structure of the identification circuit 27 is shown in Fig. 19. The identification circuit 27 shown in the figure 
outputs signals Oco through O c2 .O p0 . O pn . Q s0 through that is a signal of 8-bits representing ^likelihood of 
each of the character region, the photographic region and the dot region that the target picture element in the local block 
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is located upon inputting thereto the first through fourth feature parameters P 0 , Pi. P 2 . and P 3 . Here, explanations will 
be given through the case where the local block with a size of 5 picture elements x 5 picture elements is adopted. In the 
identification circuit 27, the input of the first feature parameter P 0 is a 6-bit signal, more specifically 6 bits (bo through 
l 05 in the figure) from the top out of 8 bits are used. The input of the second feature parameter Pi is a signal of 7-bit; 
more precisely 7 bits (lio through h in the figure) from the top among 10 bits is used. The input of the third feature 
parameter P 2 is a a signal of 3 bit, and in the figure, I20 through l 22 are used. The input of the fourth feature parameter 
P 3 is a signal of 3-bit, and l 3 o through l 32 are used in the figure. 

For the identification circuit 27, a multi-dimensional look up table having a predetermined input/output characteristics 
by the neural network or the neural network itself is used. In the present embodiment, as an example of the neural 
network as shown in Fig. 20, a four layer perceptron is used, and in the input layer, a normalized first feature parameter 
P 0 is inputted to l 0 , a normalized second parameter P, is inputted to l 1a a normalized third feature parameter P 2 is inputted 
to l 2 , and a normalized fourth feature parameter P 3 is inputted to l 3 . A numeral representing the likelihood of the character 
portion, a numeral representing the likelihood of each region is outputted to the output layer as O c , O p and O s . 

Based on the output from the identification circuit 27, the filtering circuit 28 performs one of the spatial-filtering 
process shown in the first, second or fourth embodiments, thereby outputting an image signal. 

Alternatively, it may be also arranged so as to provide the weighted mean accumulating circuits 20, 30 and 40 at 
the respective secondary stages of the comparators 8, 23 and 26 as shown in Fig. 21 . The respective weighted mean 
of the second through fourth feature parameters Pi through P 3 computed by the comparators and the second through 
fourth feature parameters P, through P 3 in the previous local block are inputted to the identification circuit 27 as new 
second through fourth feature parameters P-i through P 3 . 

As described, by considering not only the currently processed local block but also the weighted average of the 
feature parameters obtained in all the local blocks in the main-scanning direction and the sub-scanning direction, an 
improved preciseness of the identif ication can be achieved. Namely, since each of the character region, the photographic 
region and the dot region has a certain area, by considering not only the information regarding the current block but also 
the information regarding the local blocks surrounding the target block, the identification can be performed with an 

improved precision. ■ \ * 

In the described preferred embodiment, the multi-dimensional identification process using the four feature param- 
eters (first through fourth parameters P 0 . Pi, P 2 and P 3 ) is adopted to achieve the image identification with high precision. 
However the number of the feature parameters is not limited to this. For example, the structure adopting the feature 
parameters of two or more selected among the described four parameters may be adopted, and a structure of adopting 
other feature parameters than the described four parameters may be adopted. Additionally, the number of feature param- 
eters for performing the multi-dimensional identification process is not limited as long as it is not less than two, and 
needless to mention, feature parameters of five or more may be used. 

Figs 22 through 25 show an example of the identification circuit in the case where the identification process of the 
target picture element is expanded n-dimensionally (n ^ 2). Fig. 22 shows the structure where upon inputting the feature 
parameters P 0 Pi. Pn to l 0 , h. .... « n the figure, the identification signals O 0 , 0^ of two-bit for identifying the area 
where the target picture element in the local block is located, i.e., the character region, the photographic region, and the 
dot region is outputted. Fig. 23 shows the structure where upon inputting the feature parameters P 0 , Pi ... P n to l 0 , h. 

I in the figure, numeral signals O c0 through O c2 , O p0 , O p1 , through O s2 of 8-bit representing the respective 
likelihood that the target picture element in the local block is located in each region (the character r egion, the photographic 
region and the dot region) is outputted. An example of the neural network which eons&utss the rdentftcation circuit, of 
Fig. 22 and the example of the neural network which constitutes the identification circuit of Fig. 23 are respectively shown 

in Fig. 24 and Fig. 25. ■ . 

The invention being thus described, it will be obvious that the same may be varied in many ways. Such variations 
are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included within the scope of the following claims. 

Claims 

1 . An image processing apparatus, comprising: 

a block memory for storing image data in a local block composed of a target picture element and plural picture 
elements surrounding said target picture element, said target picture element being one of picture element data of 

an image signal; ^ , . _ 

feature parameter computing means for computing plural feature parameters based on the image data in the 

local block stored in said block memory; 

identification processing means for outputting region identification information regarding a region where the 
target picture element in the local block is located based on inputs representing respective feature parameters 
computed by said feature parameter computing means; and 

filtering means for selecting a filter among spatial-filtering-use filters of various types based on an output 
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from said identification processing means and applying a spatial-filtering process to the target picture element; 

wherein said identif ication processing means divides a plane or a multi-dimensional space having axes of 
the plural feature parameters into a character region, a photographic region and a dot region by non-linear bound- 
aries and oulpufs respective region identification information by receiving each input of the plural feature parameters. 

The image processing apparatus as set forth in claim 1, wherein: ' 

said identification processing means is composed of a neural network which learned well beforehand, said 
neural network receiving each input of the plural feature parameters and outputting said region identification infor- 
mation. 

The image processing apparatus as set forth in claim l. wherein: 

said identif ication processing means is composed of a look up table describing an input-oulput correlation 
of a neural network which learned well beforehand, said neural network receiving each input of the plural feature 
parameters and outputting said region identification information. 

The image processing apparatus as set forth in claim 1 . wherein: 

region identification information outputted from said identification processing means is an identification signal 
for identifying that the target picture element in the local block is located in which one of the character region, the 
photographic region and the dot region, and 

each fitter has a fitter factor which is predetermined according to each spatial -filtering process. 

5 The image processing apparatus as set forth in claim 4. wherein: 

said filtering means performs a spatial-filtering process using an enhancement filter when it is determined 
that the target picture element is located in the character region based on the region identification information, while 
nerforms a spatial-filtering process using a smoothing fitter when it is determined that the target picture element is 
located in the dot region, and performs a spatial-filtering process for outputting the target picture element without 
processing it when it is determined that the target picture element is located in the photographic region. 

6 The image processing apparatus as set forth in claim!, wherein: 

said feature parameter computing means includes a signal level difference computing means for outputting 
a difference between a maximum signal level and a minimum signal level in the local block to said identification 
processing means as one of the plural feature parameters. 

7 The image processing apparatus as set forth in claim 1 . wherein said feature parameter computing means includes: 

main-scanning direction difference sum computing means tor computing a sum of differences in signal level 
between picture elements in a local block which are in sequence in the main-scanning direction; 

sub-scanning direction difference sum computing means for computing a sum of differences in signal level 
between picture elements in the local block which are in sequence in the sub-scanning direction; and 

minimum value computing means for outputting a minimum value of computation results by said main-scan- 
ning direction difference sum computing means andthe sub-scanning direction difference sum computing means- 
to said tdenffteatioh processing means as one of the plura! feature parameters. 

a Tne imaoe processing apparatus as set forth in claim 1 . wherein said feature parameter computing means includes: 

binary means for converting signal levels of the target picture element and the plural picture elements sur- 
rounding the target picture element in the local block to one of two numerals; 

main-scanning direction change point counter means tor counting a number of changes in signal level 
between two values in the main-scanning direction; 

sub-scanning direction change point counter means for counting a number of changes in signal level between 
two values in the sub-scanning direction; and 

minimum value computing means tor outputting a minimum value of count results by said main-scanning 
direction change point counter means and said sub-scanning direction change point counter means as one of the 
plural feature parameters. 

9 The image processing apparatus as set forth in claim 1 . wherein said feature parameter computing means includes: 
binary means for converting signal levels of the target picture element and the plural picture elements sur- 

rounding the targets picture element in the local block to one of two numerals; 

main-scanning direction run-length counter means for computing a run-length in the main-scanning direction 

of a signal level converted to one of the two numerals; . 
sub-scanning direction run-length counter means for computing a run-length in the sub-scanning direction 
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of a signal level converted to one of the two numerals; and 

maximum value computing means for outputting a maximum value of count results by said main-scanning 
direction run-length counter means and said sub-scanning direction run-length counter means as one of the plural 
feature parameters, 

5 1 0. The image processing apparatus as set forth in claim 1 , wherein said feature parameter computing means includes: 
main-scanning direction feature parameter computing means for computing a feature parameter in the main- 
scanning direction in the local block; 

sub-scanning direction feature parameter computing means for computing a feature parameter in the sub- 

10 scanning direction in the local block; 

block feature parameter computing means for computing a block feature parameter of .the local block based 
on feature parameters computed respectively by said main-scanning direction feature parameter computing means 
and said sub-scanning direction feature parameter computing means; and 

a weighted mean accumulating section for computing a weighted average of said block feature parameter 
15 and a feature parameter of a lastly processed local block, and 

the weighted mean computed by said weighted mean accumulating section is outputted to said identification 
processing means as one of the plural feature parameters of the local block to be currently processed. 

11. The image processing apparatus as set forth in claim 10, wherein: 

20 said weighted mean accumulating section computes a weighted mean P<i from formula (1) 

=(aP la + pP 1b )/(a+P)(a>p) (1) 

wherein P 1a is a block feature parameter computed by said block feature parameter computing means, and 
25 p 1b is the feature parameter in the lastly processed local block. 

1 2. The image processing apparatus as set forth in claim 1 0. wherein: 

said main-scanning direction feature parameter computing means is composed of main-scanning direction 
difference sum computing means for computing a sum of differences in signal level between two picture elements 
30 in the local block which are in sequence in a main-scanning direction; 

said sub-scanning direction feature parameter computing means is composed of sub-scanning direction dif- 
ference sum computing means for computing a sum of differences in signal level between two picture elements in 
the local block which are in sequence in a sub-scanning direction; and 

said block feature parameter computing means is composed of minimum value computing means for com- 
35 puting a minimum value of computation results by said main-scanning direction difference sum computing means 
and said sub-scanning direction difference sum computing means and outputting the minimum value to said 
weighted mean accumulating section as the block feature parameter. 

13. The image processing apparatus as set forth in claim 10, wherein: 

\u> said feature parameter coi nputirig means further includes binary means for ccnvertir^ signal levels of the 

' target picture elema it and the plural picture elemems in me local block to one of two nurr^ 

said main-scanning direction feature parameter computing means is composed of a main-scanning direction 
change point counter means for counting a number of changes in signal level between two values in the main- 
scanning direction, . 
45 said sub-scanning direction feature parameter computing means is composed of a sub-scanning direction 

change point counter means for counting a number of changes in signal level between two values in the sub-scanning 
direction, and 

said block feature parameter computing means is composed of minimum value computing means for com- 
puting a minimum value resulting from respective computations by said main-scanning direction change point coun- 
ter means and said sub-scanning direction change point counter means. 
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14. The image processing apparatus as set forth in claim 10, wherein: 

said feature parameter computing means further includes binary means for converting signal levels in the 
target picture element and the plural picture elements in the local block to one of two numerals. 

said main-scanning direction feature parameter computing means is composed of main-scanning direction 
run-length counter means for counting a run-length in the main-scanning direction of signal levels of the target 
picture element and the plural picture elements surrounding the target picture element converted to one of the two 

numerals, . . 

said sub-scanning direction feature parameter computing means is composed of sub-scanning direction run- 
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length counter means for counting a run-length in the sub-scanning direction of signal levels of the target picture 
element and the plural picture elements surrounding the target picture element converted to one of the two numerals, 
and 

said block feature parameter computing means is composed of maximum value computing means for com- 
puting a maximum value of computation results by said main-scanning direction run-length counter means and said 
sub-scanning direction run-length counter means and outputting the maximum value to said weighted mean accu- 
mulating section as the block feature parameter. 

1 5. The image processing apparatus as set forth in claim 1 , further comprising: 

memory means for storing contents of spatial-filtering processes applied to the plural picture elements sur- 
rounding the target picture element, 

wherein said filtering means determines a content of a spatial-filtering process to be applied to the target 
picture element based on not only region identification information from said identification processing means but 
also the contents of the spatial-filtering processes applied to the plural picture elements surrounding the target 
picture element. 

1 6. The image processing apparatus as set forth in claim 1 5, wherein: 

said memory means includes an application number memory section for storing an accumulated number of 
applying each spatial-filtering process to a predetermined number of picture elements before processing the target 
picture element. 

17. An image processing apparatus, comprising: 

a block memory for storing image data in a local block composed of a target picture element and plural picture 
elements surrounding the target picture element, the target picture element being one picture element data of an 
image signal; 

feature parameter computing means for computing respective plural feature parameters from the image data 
in the local block stored in said block memory; 

identification processing means for outputting region identification information representing respective like- 
lihoods that the target picture element is located in a character region, a photographic region and a dot region; and 

filtering means for selecting a filter among spatial-fittering-use filters of various types based on an output 
from said identification processing means and applying a spatial-filtering process to the target picture element, 

wherein said identification processing means divides a plane or a multi-dimensional space having axes of 
the plural feature parameters into the character region, the photographic region and the dot region by non-linear 
boundaries and outputs respective region identification information according to each input of the plural feature 
parameters. 

1 8. The image processing apparatus as set forth in claim 1 7, wherein: 

said identification processing means is composed of a neural network which learned well beforehand, said 
neural network receiving each input of the plural feature parameters and outputting the region identification infor- 
mation. ' - . — » ■ ^ ' > 

19. The image processing apparatus as set forth in claim 17, wherein: 

said identification processing means is composed of a look up table describing an input-output correlation 
of a neural network which learned well beforehand, said neural network receiving an input of the plural feature 
parameters and outputting said region identification information. 

20. The image processing apparatus as set forth in claim 17, wherein: 

said filtering means includes comparison means for making a comparison among said respective likelihoods 
represented by said region identification information outputted from said identification processing means, and 

when said comparison means determines a region which shows a highest likelihood, said filtering means 
selects a filter for a spatial-filtering process which is suited for the region, while when said comparison means deter- 
mines that there is no significant difference in the likelihoods, said filtering means performs a spatial-filtering process 
for outputting the target picture element without processing it. 

21. The image processing apparatus as set forth in claim 17, wherein: 

said filtering means includes comparison means for comparing among said respective likelihoods repre- 
sented by said region identification information outputted from said identification processing means, 

when said comparison means determines a region which shows a highest likelihood, a spatial-filtering-use 
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filter for the region is selected, while when said comparison means determines that there is no significant difference 
in said likelihoods, a spatial-filtering process in combination of various spatial-filtering processes is performed. 

22. The image processing apparatus as set forth in claim 17, further comprising: 

memory means for storing a content of a spatial-filtering process applied to a picture element prior to the 
target picture element; and . A < 

said filtering means includes correction means for correcting the region identification information from said 
identification processing means according to the content of the spatial-filtering process stored in said memory 
means, that is applied to the picture element directly before processing the target picture element 
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23. The image processing apparatus as set forth in claim 1 7, wherein: 

said region identification information from said identification processing means is an identification signal for 
identifying that the target picture element in the local block is located in which one of the character region, the 
photographic region and the dot region, and 
15 each filter has a filter factor which is predetermined according to each spatial -filtering process. 

24. The image processing apparatus as set forth in claim 1 7, wherein said feature parameter computing means includes: 

main-scanning direction feature parameter computing means for computing a feature parameter in the main- 
scanning direction in the local block; 
20 sub-scanning direction feature parameter computing means for computing a feature parameter in the sub- 

scanning direction in the local block; 

block feature parameter computing means for computing a block feature parameter of the local block based 
on respective feature parameters computed by said main-scanning direction feature parameter computing means 
and said sub-scanning direction feature parameter computing means; and 
25 weighted mean accumulating section for computing a weighted mean of said block feature parameter and 

the feature parameter of a lastly processed local block, and 

the weighted mean computed by said weighted mean accumulating section is outputted to said identification 
processing means as one of the plural feature parameters of the local block to be currently processed. 

30 25. The image processing apparatus as set forth in claim 1 7, further comprising: 

memory means for storing contents of spatial-filtering processes applied to the plural picture elements sur- 
rounding the target picture element, 

wherein said filtering means determines a content of a spatial-filtering process to be applied to the target 
picture element based on not only the region identification information from said identification processing means 
35 but also the contents of the spatial-filtering processes applied to the plural picture elements surrounding the target 
picture element. 

26. The image processing apparatus as set forth in claim 25, wherein: 

said memory means includes an application number memory section for storing an accumulated number of 
40 applying each spatial-filtering process app!:ed to a predetermined number cf picture qjerrients prior i processing 
the target picture element. 

27. An image processing apparatus, comprising: 

a block memory for storing image data in a local block composed of a target picture element and plural picture 
45 elements surrounding the target picture element, the target picture element being one image data of an image 
signal; 

feature parameter computing means for computing plural feature parameters based on the image data in the 
local block stored in said block memory; 

identification processing means for outputting region identification information representing respective like- 
so lihoods that the target picture element is located in a character region, a photographic region and a dot region; and 

filtering means for applying a spatial-filtering process to the target picture element using a filter; 

wherein filtering means includes filter factor computing means for computing a filter factor suited for the target 
picture element based on the region identification information from said identification means, said filter factor com- 
puting means setting the filter factor in the filter. 

55 

28. The image processing apparatus as set forth in claim 27, wherein: 

said identification processing means divides a plane or a multi-dimensional space having axes of the plural 
feature parameters into the character region, the photographic region and the dot region by non-linear boundaries, 
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said identification processing means being composed of a neural network which learned well beforehand for out- 
putting each likelihood by receiving each input of the plural feature parameters. 

The image processing apparatus as set forth in claim 27, wherein: 

said identification processing means divides a plane or a multi-dimensional space having axes of the plural 
feature parameters into the character region, the photographic region and the dot region by non-linear boundaries, 
said identification processing means being composed of a look up table descrfoing an input-output correlation of a 
neural network which learned well beforehand, said numeral network outputting each likelihood by receiving each 
input of the plural feature parameters. 

The image processing apparatus as set forth in claim 27, wherein: 

said filter factor computing means outputs the region identification information in a form of numeral repre- 
senting each likelihood, and 

said filter factor computing means computes a filter factor for use in various spatial-filtering processes as a 
function of the region identification information. 

31 . The image processing apparatus as set forth in claim 27, further comprising: 

filter factor memory means for storing therein a filter factor used in processing a picture element directly 
before processing the target picture element, 

wherein said identification processing means outputs the region identification information in a form of numeral 

representing each likelihood, and 

said filter factor computing means outputs a filter factor for use in each spatial-filtering process as a function 
between the region identification information indicating the region in which the target picture element is located and 
the filter factors stored in said filter factor memory means. 
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(54) Image processing apparatus 

(57) An image processing apparatus inputs an 
image signal obtained by scanning a document in which 
a character region, a photographic region and a dot 
region are mixed and stores image data in a local block 
composed of a target picture element and plural picture 
elements surrounding the target picture element. The 
image processing apparatus computes first and second 
feature parameters P 0 a^d Pi representing the features 
of each region based on the image data in the local 
block, and inputs the resulting first and second feature 
parameters P 0 and to an identification circuit adopt- 
ing a neural network. The identification circuit outputs 
the region identification information O 0 and 0 1 of the 

FIG. 5 



target picture element, and the filter processing circuit 
performs a spatial filtering process according to the 
region identification information O 0 and O v As 
described, in the image processing apparatus, since a 
multi-dimensional identification process is performed 
using the neural circuit which receives inputs of plural 
feature parameters, an image identification with very 
high precision is permitted, and an optimum spatial-fil- 
tering process can be. applied according to the fer^re 
of each picture element, thereby achieving s high qualr 
ity image. 
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